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An investigation was mde to determine the interference effects
of three fuselages on the readi~s of a pitot-static tube extending
various distances forward from the noseg of the fuselkges. The

.-

fuselages used in the investigation were bodies of revolution with
—

maximum diameters equal to U? percent of the fuselage len@h and
with circular-nose, elliptical-nose, and pointed-noes shapes,

The results of the tests showed that, at 1 fuselage diameter

from the nose, the error in static pressure was only a%out ~ percefi

of the impact pressure for the pointed-nose ‘body,a%out 5 percent of
the impact pressure for the elliptical-nose body, and about 10 percent
of the impact pressure for the circular-nose body for zero angle
of attack of the bodies. As the”angle of attack was increased, the
interference effect on static pressure decreased. -—

Comparison of emerimental results at zero angle of attack
with calculated results indicates that the fuselage interference
effect on the pftot-static-tu%q reading can be calculated @th
good accm?acy for simple bodies of revolution at z’eroangle of attack.

INTRODUCTION

The choice of a suitable location for the pitot-static tube
used to measure airspeed and.altitude is important in the desi~ of
any aiz@ane lxztis especially,importa@ for experimental airplanes
designed to fly at very high speeds. Yor supersonic speeds, en
arrangement is necessary In which the pitot-static tule extends
forward of aqy part of the airplane in order to obtain complete
absence of interference from parts ahead of the’tube. For most jet “ ‘“ “
airplanes, and especially those “withsweptback wings, the only
practical location is one in which the tu%e extends forward from

.—

the nose. At su%sonic speeds, however, the readings given %y such
an armngement of the pitot-static tube are affected by interference, ““–—
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particularly from the airplane fusetige; Sincf3very little data are
available for such a pitot~statlc.-tu~elo~eti.on,the present–investl-
gation was ,yndertaken.

J... ..

In the present Investigation the interference,@at exists at
various distsnces ahec@”of.%odie8 of revolution--ha~ingdifferent
nose shapes was determined experimentally at low epeeds. The
experimental results at zero emgie of attack are compared with results
calculated from “theory-inorder to determine the reliability of the
theory when applied to bodies of the type considered.
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SYMBOLS .,-

.! ,.

dfsttice’ale* axitiof”s~etry.froiu notieof bodj to -..‘.3
,. tube static orifices ‘-~

fuselage diameter

angle of attack of

Mach number

free-stream impact

..,... —.—
“. .

pitot:static tube aid fusela@

pressure 0

impact pressure measured ’bypitot-stattctube at zero
angle of attack with no fusehge atzached. *=

static preem.zremeasured by pitot-static tube with no
fuselage attached

. =., .-

‘statfc”preBstiremeasiaredby pitot-&tatic t“tibe‘tifien ‘ —
moun~ed ahead of fusela$e-

total head of free stream

error in static pyessure rqsulting
interferencee (-(PI - P2))

APPARATUS AND TESTS

—

from fuselage

9.
.,..,

w

The testswere made in the 6- by6*foot test section of the”
Langley sta%ility tunnel. The basic fuselage umd in these tests ._
was a body of revolution formed by revolving a &I.rcukxrarc about.
,..

,,



.

.

NACA TN ~0.

the chord,
fitted over
tested were

3 ___
1496

TWOmodified nose shapes= circular ~d elliPtic~~ Were
the nose of the originsl fuselage. All the fuselages
of the same length and had a .w.ximumti=eter eq~a~

to 12 percent of thetr length. ‘photographs of @ese f’welagea .
mounted in the tunnel are presented as figure 1* IMalled dzzawings
.ofthese fuselages are @ven in i’i~e Q- Ea~ nose hwt a ciycular
hole along the axis of symmetry for mountir.gthe pitut-atatictube ~
with provisions for ch~ging the dif3tavceof..th.e~!@e.@t_Lticorifices._____,- .,
with respect to the nose.

Two tubes were used in the tests: one a pitot-stcctictribe

~-inch outside diameter with the static openinge about S-tibe”
1

diameters behind the nose”and the other a stati’ctube of --inch
. 8

.—

of

outside diau@ter with the Static”orifice about 10~-tube diameters .

behind’the nose. Detailed drawings of these tube; are given “in
figures. . .

Measurements were mde for each fuselage with the ~-izch yitot-

static tube with and without ~fuselageat variou3 angj-esof attack
and impact lressures. Tests were mad-eat zero angle d attack Vflti-””““- “-”
an impact pressure of a proximately 65 pounds per sqymre foot and

~
#

at 0°, 10°, 20°, and 30 angles of attack with an impact pressure
of approximately 40 pounRs per square foot. For &he circular=nose

....

fuselage),additional tests were made at impact pre3m.zre3o! 25_ “-_j;
and 16 pounds per square foot for zero emgle af”attack. .—

The ~-~~h static tute was used to obtain measurements tiekd-of
.-

.-
the circular-nose shape for compmison with the ~-inch pitot-static-

.

tube measurements at zero angle of attack and at a iqact pressure
‘of@ pounds per square foot”-

The approximate airspeeds-corresponding to the various test
impact pressures exe as follows:

Free-stream
impect pressure

Airspe~d

(lb/sq ft) (mph)

65 162
40 127

100

‘%’ “’83
;,.

i ,,
., .-
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RJBULTS AND DISCUSSION

For most airplane tista3J,ations,total head is obtained with
very little e~or throughout a rel.ative~ wide range of angle of
attack. Since the static pressure registered by a tube ordinarily
differs appreciably from true static pressure throughout the angle-
of-attack range, all the data presented on interference effects are -
therefore concerned with the variation of static pressure ehead 6f
the fuselage.

Interference at Zero Angle of Attack

Figure 4 presents the error in static pressure as a traction Qf

Impact pressure
AL

qco
ylotted against distance of the tube statio

orifices ahead’of the nose x/D for the three fuselages at zero
angle of attack. The circular-nose fuselage, as w% expected, had
the greatest interference effect and the pointed-noso fuselage had
the least.

The decrease of the error with increase 01’ais-ce of’thestitic
orffices from the nose is similar to that o?)talnedfor a body of
revolution as reported in references 1 and 2. At 1 fuselage diameter
from the nose, the error in static pressure is only about 1~ percent

of the impact pressure for the pointed--nosebodg, about 5 percent of
the impact pressure for the elliptical=nosebody, and a30ut 10 per-
cent of the impact pressure for the circular-noee body.

In order to check the reliability of existin~ theoretical methods
for calcul.atinflthe interference effect of a fuselage, the exPer-n~
results presented herein for zero angle of attack were compared with
the theoretical results obtained by the method described in references.
This theoretical method is based on a representitlon of the body bya
stepwise distrilnxtlonof sources and sinks along the axis. The body
shapes corresponding to the asswd distributions are shom.by dashed
lines in”fQure 2 and are compared with the actual fuselage bodies.
The actual body shapes are generally approximated quite accurately
by those shapes obtained from the calculations; The disc~pancy
between the calculated and the actual body shapes is greatest f~r the’
circul.ar-.nosebody; however, closer agreement might be obtained.by
changing from a stepwise distribution of sources and 8inks to a
continuous distribution @ong the axis. The discrepa~wy between the”
calculated and the actua& body shapes of tho elliptical nose probably
had a negligible effect on the calculated interfez%qce, but the shape
could have been calculalxRLwith higher accuracy by adding another
source line closer to the nose than the source line assumed in the
calculations. The source and sink distributions a8smed for the
repref3entation of the pointed nose body resultid in almost no error
in the shape of the body.
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TIM compuison of tie calculated interference effect”yitli
experimental results cJ7rt@n@ at zero angle of attack is ehown in
figure 4. ‘This couq?artsonshows that the theoretical results are 1

in good.agreement with the e~erimgntfl data. Foi~the elliptical-
nose and pointed-nose bod.ies~the calculated interference effects
were found to be soinewhaijhi@gr +~~n -the experimen’id dalues.
Inasmuch as theee l?odfeswere c.1.mcmtex~ctly 8huulatt9dIly the

assuinedsource and siuk rep~eswt~tims (fig● 2),the theory apye.ared
to slightly overesti~te the titetierenceeffect. In the case of
the circular nose, fi~re 4 shows that the theory un<erestima~es
tilefnterfei-ence,eftects. These lower calculated vaJ_uOSare
probably causedby the fact that the assumed source distributions
resulted in a nose more pointed than the c:.rcularnose tested. H

(See fig. 2.)

The theoretical method of reference 3, -whichis for incompressible
flow, may be applied to calculate the fnaele~e fiterference eil?ects
for compressible flow at subsonic speeds by use or the tifine
transformation given in re~erence 4. A rule for inking such
computations &y be stated as follows: . .._

The strearil.inefield of a compressible flow for a-given-b-~dy
.-.

at a subsonic stream Mach number M. may be calculated approximately

by Utiplying the given x-dimensions by the faqtor
. h“’ ‘-

thenby cslculattig the flow about +Ais resulting transformed boQ .._
in kco~remible flow. The ~ressure snd velocity increments for
the given body at the Mi.chnumber M can thenhe o%tainedby
multiplyin”~the c&culated pressure end Velocity increments for the
incompreselblb flowat corresponding points of the transformed bo~y

L
by the factor -. ‘ 7L

.-lx “:.
AM ~ ~ ++ ~. ‘–

f’ F w -“ ‘h ‘+? ‘q +’!+==:-=

-..’2 f’~””””,. v cqy2t+Yy25zti%2 .; 4 ++ >“, , ‘:
“Fig&e 5 show~ ‘t t, for the arrsngeme~t tested, the-fuselage =&@

interference effect on the static preesure decreases as the *gle “ ._
m-attack is increase<. ‘Whenconsidering the effect of sngl.eof

. atttickon the pitot-~~.tic-tibe reatings, it-;~st be rerne@ered
,thatthe actual mgle at the tule ig the sum of the geometric angle
snd the an@e inZuced by the body. When ieasuremenis are mcd.eM th

. the tube S&W, the angle of attack is essenti~ ‘he geom@Y_ic an@.ec
With the ,bodyadded, however, the atfecttve angle is the geometric ,

em@.e plus the induced angle. Inasmuch as the magnitude of the
““inducedai@e is unknown,

.
the results present@ in figure .5represent”’-

.
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the difference between tilestatic
tha fuselage in place at the same

Because of the difference in

—
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pressure rea&ings wl.thard without
gekmetrlc emgle of attack.

-“

sensitivity of var”ioustubes to
engle of attack, the errol’resulting from th~ indutiedsnglewould.
differ for different tubs, The”results shown ifif“jgure~ are
only applicable, therefore, to the tube used in this investigation.
The results iwfigure 5, however, may %e utiedto cbtain an.indication
of the fuselage intetierence effect.tm Static pressure at different
positions ahead df the botie~ for”different anglee oU~tack.
Figure 6 shows the variation of the static pressure tieasuredwlth

the ~-inch pitot-s.tatictube, witkut. the.fuselage,with angle

of attack,

?JffGct-ofFree-St&eam Impact Pres”&ure

In--figure7, data are &esented for the circular-noee fuselag6-”
at zero angle of attack for several free-stream lmp&
pressures. The effect on interference when the impact presrnm
is varied over the tedt ran~e”1.sseen tc he small, except for

.-.
_.-

..

positiogs-close to Vie nose=
.,

Effect-of Tube Piameter

In order to determine the effect of the @ize of
tube relative to the diameter of the’fuselage, tests

the ~-inch-diameter static~uboand ctinip=adtith tie

..

.

the pitot-stati,c .—.
were made with
3–-inch-diaineter

..

8
pitot-static tu’bewhich was used for the tests described previously.

,.U

The size of the ~-inch-diameter static tube relative to the “diameter ““”-—

of the fuselage te~t’edclosely simulates the size of a ~-sc~e.
pitot-static tube relative to the diemter of th~ fusOlage of a
full-scale airplane.

A comparison of the”measurementsof the interference effects an
static _pressureas determined ly the different-size tu%es f~i-the

“ .–

circular-nose fuselage at zero sngle of attack is shown in fl~e 8“0
This figure shows that for the tube sizes considered, the readings
are affected.only for “positionsof the static .ortflcesnear the nqne

.

of the body. Because of their different dlamete”ra,tie tithes
measure the pressure at different distances from the axis of symmetry;
therefore, ‘theAforementioned discrepancy in readings Q’ro%abl.ywas

.
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caused by the radial gradient in static pressure that -existsnear
the nose of the body. Moving the orifices approximateW-C.2S- diamet6r
from the nose causes the readings of both tubes to be nearly coticident.

CONCLUSIONS —

Tests were made with bodies of revolution having maximum diameters
equal to 12 percent of the body length to determine the interference
effect of fuselages on the statio pressure readings of a pitot:static
tube extending various distances ahead of the fuselages. The results
indicate that, at 1 fuselage dismeter froxuthe nose, the error in

static pressure was only about 1$ percent of the tipact,pressure for

the pointed-nose body,about5 percent of the impact pressure for the
elliptical-nose body, and about lo percent of the impact presstie--for
the circhlar-nose body fcm zero angle of attack of the bodies.
As the angle of attack of tinebodies was increased, the interference
effect on static pressure decreased.

Comparison of experimental.results at zero angle of attack with
osculated results indioates that the ftielage ti%er-feren”d-ee’ffect
on the pitot-static-tube reading can be calculated with good accuraoy
for simple %odies of revolution at zero angle of attack. —

Langley Memorial Aeronautical Laboratory.
National Advisory Co?mnitteefor Aeronautics

Lan@.ey Field, Vs., August 11, 1947 ~ —.
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(a) Potited-nose fuselage.

13gure 1.- Photographs of fuselages” and pitot-static tube mounted in the
“ La@ey stabili~ tunnel.
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(b) Elliptical-nose fuselage.

Figure 1.- Continued.
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(c) Circular-nose fuselage.

Hgure 1.- Concluded.
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Figure 4.- Effect of fuselage nose shape on the error in static
pressure caused by fuselage interference. a = 00; qc = 65 pounds
per square foot. .-

.



18 NACA TN No. 1496

.5

&4
$*.3

.2

./

o

\ ‘\\
“

A \

—

.4 \,i ,\

.(d:g),
\,/

,3 00
❑ /0

.2 0 20\ \
~ 30\

./

\ _
o

.—

0 .2 .4 .6 .8 /0 -4? 14 [6 [8 Zd
lAAllO~ADVIWRY

x/D WMWTTI!E FC# AERONAUTICS

Figure 5.- Effect of angle of attack on the error in static pressure
caused by fuselage interference. qc = 40 pounds per sqwre foot.

.

?

—

...--.—,

.

.

—

*—

.—
,

—



I 1

.9

/’

/
/

/
/

(7-’
& ~

NATIOMALA0v1901w

OOWTTEE FOR AEK)NAUTIOS

11111

Figure 6.- Cslibratim of static-pressureerror of the ~-inch-
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Figure 7.- Effect of free-stream impact pressuxe on the error in
static pressure caused by fuselage interference. Circular-nose
fuselage; a = OO.
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Figure 8.- Effect of tube diameter on the error in static pressure
caused by fuselage interference. Circular -nose fuselage; a =. O“_;

qc = 65 pounds per square foot.


